The aim of the present study was to assess whether the whole meiotic process of spermatogenic cells is able to take place in vitro. Fragments of seminiferous tubules from 20-to 22-or 28-day-old rats were seeded in medium containing 0.2% fetal calf serum in bicameral chambers and then cultured for 4 weeks in a chemically defined medium. The differentiation of meiotic germinal cells was followed by four criteria: (i) ultramicroscopic examination of the different types of germ cells present in the cell layer throughout the culture period; (ii) determination of the changes in DNA content per nucleus of the cell population seeded with time in culture; (iii) assessment of the ability of germinal cells to transcribe genes expressed after completion of meiosis; and (iv) monitoring the fate of BrdU-labeled leptotene spermatocytes. The ultrastructural study showed that the overall organization of the cells in the culture well recalls that of the seminiferous epithelium throughout the culture period. Moreover the identification of young round spermatids 21 days after seeding suggested that these spermatids had been formed very recently in culture. Determination of DNA content per nucleus showed that a 1C cell population could be observed after several days of cultures reaching 6 to 10% of total cells. An exponential-like increase in the amounts of the mRNAs encoding for TP1 or TP2 occurred from the time when 1C cells appeared in the culture until the end of the experiment. Finally, BrdU-labeled leptotene spermatocytes differentiated into pachytene spermatocytes and then into secondary spermatocytes, and BdrU-labeled round spermatids were observed from Day 21 of culture onward. Taken together these results indicate that the whole meiotic process from leptotene spermatocyte to round spermatid can indeed occur in vitro under the present culture conditions.
INTRODUCTION
Meiosis is a unique event which is restricted to germ cells. It includes the pairing and recombination of chromosomes during prophase of meiosis I, and the segregation of homologous chromosomes during anaphase of meiosis I. In mammalian spermatogenesis, this process starts at puberty and continues throughout adult life. After several mitotic divisions, diploid spermatogonia develop into preleptotene spermatocytes which become 4C cells after premeiotic DNA replication. The first meiotic division then generates haploid secondary spermatocytes which possess two copies of each gene (2C cells). After the second meiotic division, the secondary spermatocytes generate haploid spermatids which will differentiate into spermatozoa. Spermatogenesis takes place in the seminiferous epithelium of the testis where the germ cells are in close association with the Sertoli cells. Each Sertoli cell establishes contact with numerous germ cells which are at different stages of maturation. At the bottom of the Sertoli cells are located the spermatogonia. In the middle part of the Sertoli cells are the spermatocytes and at the upper part of the Sertoli cells are the spermatids and the spermatozoa. Thus, the spermatocytes and the spermatids differentiate into an environment created by the Sertoli cells [1, 2] .
The Sertoli cells receive endocrine and paracrine messages that control every step of spermatogenesis: the paracrine messages originating from both the somatic cells and the germ cells of the testis [3, 4] . The understanding of the complex cross-talk between the Sertoli cells and the germ cells would be facilitated greatly by the availability of culture systems allowing some steps of male germ cell differentiation to proceed in vitro. However, spermatogenesis is a long-lasting process. In Wistar rats, it takes about 53.2 days from A stem spermatogonia to spermatozoa, and more than 17 days are required for a leptotene primary spermatocyte to complete meiosis and produce spermatids [5] . We reported recently [6] that pachytene spermatocytes of stages IV-VI were able to differentiate into secondary spermatocytes and then into round spermatids, in cultures of whole cell populations from 23-to 25-day-old rat seminiferous tubules. In the present study, we show that the whole meiotic process is indeed able to take place under our in vitro conditions, and that the ultrastructural characteristics of the germ cells differentiating in culture are quite similar to those of germ cells undergoing meiosis in vivo.
MATERIALS AND METHODS

Animals
Male Wistar rats, 20 -22 or 28 days old, were killed by decapitation and their testes quickly removed. These testes were then fixed with Bouin's fixative, for histology, or with 4% glutaraldehyde in 0.1 M cacodylate buffer, for electron microscopy, or collected in Ham's F12/Dulbecco's Modified Eagle's Medium (F12/DMEM) (Gibco BRL Life Technologies, Cergy-Pontoise, France) for culture. In some experiments, rats were injected with 50 mg/kg 5-bromo-2Ј-deoxyuridine (BrdU) (Sigma, La Verpillière, France) 20 h before they were killed (Day 1 of the experiment), to label testicular cells undergoing DNA synthesis just before culture.
Preparation and Culture of Seminiferous Tubule Segments
This technique has already been described previously [6] . Briefly, the tunica albuginea of testes was removed and seminiferous tubules were carefully dissociated by collagenase enzymatic digestions at 32°C (Serva, Boehringer Ingelheim Bioproducts, Gagny, France) and mechanical dissociation. Between each step of this process, seminiferous tubule fragments were washed with F12/DMEM supplemented by 100 U/ml penicillin, 50 g/ml streptomycin, and 20 U/ml nystatin.
The culture medium consisted of 15 mM Hepes-buffered F12/ DMEM supplemented with 20 g/ml gentallin, 20 U/ml nystatin, 1.2 g/L sodium bicarbonate, 10 g/ml insulin, 10 g/ml human transferrin, 10 Ϫ4 M vitamin C, 10 g/ml vitamin E, 10 Ϫ7 M testosterone, 3.3 ϫ 10 Ϫ7 M retinoic acid, 3.3 ϫ 10 Ϫ7 M retinol, 10 Ϫ3 M pyruvate (all from Sigma), and 1 ng/ml of oFSH (NIH, Bethesda, MD, Lot Number AFP 7028 D) obtained through NIDDK (Rockville, MD).
Cell samples were seeded (Day 0 of the experiment) at about 7-8 ϫ 10 5 cells/cm 2 in bicameral chambers (Falcon, Elvetec, Vénissieux, France) in the culture medium supplemented as above and containing 0.2% fetal calf serum. Incubation was carried out at 32°C in a water-saturated atmosphere of 95% air and 5% CO 2 . The medium was removed 48 h later (Day 2 of the experiment) and replaced by serum-free culture medium. Thereafter only the medium of the basal compartment was changed every other day.
At selected days of culture, cells were detached from culture dishes by trypsinization. An aliquot of the cell suspension was used to determine the number of cells and to assess cell viability by trypan blue exclusion. Another aliquot was deposited on a glass slide, air dried, and fixed in absolute ethanol:acetic acid (3:1); the cells were then subjected to Feulgen staining (see below). Cells from other wells were used for ultrastructural or immunocytochemical studies or RNA extraction (see below).
Radioimmunoassay of Rat Transferrin
Secreted transferrin was measured in culture media by radioimmunoassay as published [7] , with a slight modification: samples and standards were diluted in unsupplemented media instead of phosphate buffer. The standard rat transferrin was purchased from Sigma and the usable range of the assay was 0.1-200 ng/tube, with an intraassay coefficient of variation of 8% for samples within the 20 -70% range of specific binding. All standards and samples were assayed in duplicate.
Cytological Methods
Feulgen staining. The cells detached from culture wells were stained by the Feulgen reaction method as described previously [8] , and their DNA content per nucleus was determined by image analysis using the Samba 2005 image analysis system (Alcatel TITN, Meylan, France). On every day studied, at least 500 cells were counted.
Ultrastructural morphology. After the cells were detached from their culture wells by trypsinization, the dissociated cells were resuspended in the culture medium described above supplemented with 10% fetal calf serum and seeded for 5 h in large culture dishes. During this time, somatic cells stuck to the bottom of the wells whereas germ cells remained in the medium which was collected and spun at 100g for 5 min. The germ cell-enriched population was fixed for 1 h at room temperature and then for 24 h at 4°C. The fixative solution contained 4% glutaraldehyde in 0.1 M buffered sodium cacodylate (pH 7.4). Postfixation was performed with 2% OsO 4 and 1.5% potassium ferricyanide in 0.1 M sodium cacodylate buffer at room temperature for 1.5 h. Fixed cells were then dehydrated and embedded in Epon. Observation of ultrathin sections was performed with a Philips CM10 electron microscope at 80 kV.
Immunocytochemical studies on cultured cells. Cells were rinsed with PBS and fixed directly in the insert with Bouin's fixative for 20 min at room temperature. After several washes with PBS, the immunocytochemical reaction was performed using an anti-BrdU antibody as a primary antibody (Dako, Trappes, France) and a LSAB2 revelation kit (Dako) using avidin-biotin-peroxidase complex as staining reaction and amino-3-ethyl-9-carbazole as a chromogen as described previously [9] .
Immunocytochemical studies on histological sections. Immunocytochemical studies were performed as described previously [9] except that sections were 4 m thin. Round tubules (about 250) were counted. In each stage (or combination of stages), the number of seminiferous tubules was counted as tubules with and without BrdU-labeled cells. Additionally the type of BrdU-labeled cells was determined, and the percentage of tubules containing labeled spermatocytes and the percentage of labeled spermatocytes in labeled tubules were calculated.
Flow cytometric analysis. Cells from cultures of seminiferous tubules of 28-day-old rats, injected with BrdU 24 h before they were killed (see above), were detached from culture dishes by trypsinization and fixed in CABS buffer (sucrose 0.125 M, trisodium citrate 0.02 M, dimethyl sulfoxide 2.5%, ethanol 50%, pH 7.6). These cells were first incubated with the anti-BrdU antibody (see above) and their nuclei were stained with propidium iodide at 50 g/ml. The cells were then sorted according to their DNA content per nucleus with a FACScan flow cytometer (Becton Dickinson Europe, Meylan, France). The sorted cells were harvested and cytofuged on glass slides. The end of the BrdU immunocytochemical reaction was then performed as above.
RNA Extraction and Reverse Transcription-Polymerase Chain Reaction (RT-PCR) Analysis
Total RNA from cultured cells was isolated by the method of Chomczynski and Sacchi [10] and sequences corresponding to TP1 and TP2 mRNA were coamplified by RT-PCR with 18S RNA as an internal control.
One microgram of total RNA was reverse-transcribed at 37°C in a 20-l reaction mixture (1ϫ RT buffer, 1 mM of each dNTP, 0.5 g random hexamer primers (Promega, Charbonnières-les-Bains, France)) and 200 U Moloney murine leukemia virus reverse transcriptase (Gibco BRL). Coamplification reactions were carried out on 50 ng reverse-transcribed RNAs in a final volume of 30 l containing 0.4 U Goldstar polymerase (Eurogentec, Angers, France), 1ϫ PCR buffer, 1 mM MgCl 2 , 2 M dNTPs, 1 Ci [␣-33 P]dATP (3000 Ci/mmol) (Amersham Pharmacia Biotech, Orsay, France), 50 pmol each of the 5Ј and 3Ј sequence-specific primers for TP1 (5Ј-CCAGCCGCAAAC-TAAAGACTCATGG-3Ј 5Ј-AGCTCATTGCCGCATTACAAGTGGG-3Ј) or TP2 (5Ј-AGGAAAGGTGAGCAAGAGAAAGGCG-3Ј 5Ј-CATTC-CCCTAGTGATGGCTATCTCC-3Ј), 0.5:9.5 ratio of QuantumRNA 18S internal standards (Ambion, Clinisciences, Montrouge, France). The samples were overlaid with mineral oil and denatured at 94°C for 3 min. Amplification was carried out for 28 cycles for TP1 and 32 cycles for TP2 using a 57°C annealing temperature in a PerkinElmer/Cetus thermal cycler. The conditions were such that the amplification of the products was in the exponential phase and the assay was linear with respect to the amount of input RNA. Aliquots of 10 l of each PCR samples were electrophoresed in parallel with size markers on 3% Metaphor agarose (FMC, Tebu, Le Perray en Yvelines, France) gels. After staining with 0.5 g/ml ethidium bromide, the bands were cut from the gels under UV illumination and then melted in distilled water at 100°C. Scintillation counting was performed in 3 ml of Emulsifier Scintillator Plus (Packard).
Analysis of the Data
The numerical data are presented with their SEM, except for Each experiment was repeated at least two times and selected data are presented herein. The significance of the evolution of the TP1: 18S and TP2:18S ratios was assessed by testing the significance of the regression line obtained by relating the value of the ratio to the day of the culture [11] .
RESULTS
During the first days of culture, cells migrated away from the tubule segments and spread out on the insert surface. At the end of the first week, the shape of the tubules had disappeared and the germinal cells were in close association with Sertoli cells or placed on their surface ( Fig. 1) . Hence, when tubule segments from 20-day-old rats were seeded at about 6 -7 ϫ 10 5 cells per insert, the total number of cells decreased quickly during the first week of culture and then remained roughly stable (2-3 ϫ 10 5 cells per insert) until the end of the experiment. The proportion of viable cells, as assessed by trypan blue exclusion, was between 85 and 90% throughout the culture period (Fig. 2) .
After 7 days of culture, the overall organization of cells in the insert presented a complex distribution (Fig. 3A) . In the basal region of the system (bottom of the culture insert), Sertoli cell nuclei appeared indented with a pale nuclear content. These cells were associated with a few spermatogonia and primary spermatocytes at various degrees of differentiation. The more advanced germ cells were frequently located near the top of the multicellular system, still in contact with It became clear, after several weeks of culture, that even if the pluricellular structure kept a rather organized aspect, the pseudo-epithelium flattened (not shown). However, until the end of the experiment, Sertoli cells conditioned the medium in which germ cells were maintained. The concentrations of transferrin, in both the basal and the apical compartments, throughout the culture period are presented on Fig. 4 . Transferrin concentrations remained low in the basal compartment and roughly constant during the last 3 weeks of the experiment. By contrast, in the apical compartment, there was a progressive increase in the concentrations of transferrin which were usually 6-to 8-fold higher than those measured in the basal compartment. Taken together, these results indicate that the cellular organization of the culture maintained a certain "segregation" between the two compartments of the culture device throughout the 4-week culture period. Throughout the culture period, Sertoli cells maintained ultrastructural characteristics (Fig. 5A) . Their indented nuclei with several nucleoli are quite obvious as also their phagocytic activity which is represented by numerous cytoplasmic lysosome-like structures. Few clear vacuoles indicate that Sertoli cells remain quite active. The Sertoli cell barrier remained morphologically intact throughout the culture (data not shown).
A careful ultrastructural examination of the various types of germ cells present in the insert allowed a better understanding of the process of differentiation they underwent in vitro. After 21 days of culture, type B spermatogonia kept their morphological features, i.e., large nuclei delineated by peripheral condensed heterochromatin and nucleolus (Fig. 5B) . Their cytoplasmic corona was filled with a few round mitochon- dria, rare endoplasmic reticulum cisternae, and numerous free ribosomes. A few small clear vesicles, which are part of the endocytic system, were also present. Zygotene spermatocytes presented a large nucleus and typical synaptonemal complexes (Fig. 5C and  inset) . A Golgi apparatus, composed by saccular regions delimiting a medulla was observed in the cytoplasm of pachytene spermatocytes. Small clusters of mitochondria with inverted cristae, and numerous flattened endoplasmic reticulum cisternae could also be seen in this region (Fig. 5D ). Typical spermatids were either "free" and/or partly attached to the top of the multilayered multicellular system (Fig. 6A) . These cells presented the classical peripheral mitochondrial distribution despite a few that remained deeper in the cytoplasm. Endoplasmic reticulum cisternae appeared more tubular in shape [12] . Close to this cell type, cross sections of flagella, composed of 9 peripheral doublets surrounding the central singulet, were identified occasionally (Fig. 6B) . As compared with spermatids ob- served in cross sections of testes from 28-day-old rats ( Fig. 6C) , which present intercellular bridges and a more or less regular organization, the newly in vitro formed spermatids sometimes lost their intercellular bridges (as in the in vivo situation Figs. 3A and 3B).
As in sections of testes from 28-day-old rats, where many spermatids present signs of reorganization which will lead to final degenerescence (Fig. 6E) , some newly formed in vitro spermatids fused into a multinucleated giant cell (Fig. 6D) . Due to the disappearance of the bridges, the endoplasmic reticulum cisternae form a peripheral annular system, whereas mitochondria are still located under the cell plasma membrane. Other types of degenerating haploid cell were noticed, in vivo and in vitro, such as vacuolated cells or picnotic cells (data not shown).
Ploidy analyses of four cultures are presented in Fig.  7 . During the first 2 weeks of the experiments, there was a decrease in the 2C and 4C cell populations. Thereafter, the number of 2C cells remained roughly constant whereas that of 4C cells continued to decrease. Very importantly, whereas no 1C cell could be observed during the first week of culture, in all experiments a 1C cell population was observed throughout the last 3 weeks of culture.
Transcriptional activity of those spermatids which differentiated in vitro was assessed by measuring the relative amounts of mRNA encoding for the transition protein 1 (TP1) and 2 (TP2) throughout the culture (Fig. 8) . As expected [13] , very low quantities of both TP1 and TP2 mRNAs could be measured during the first week of the experiments, when no postmeiotic cell was present. However, an exponential-like increase in the amounts of the mRNAs encoding for TP1 (r ϭ 0.762, P Ͻ 0.01) or TP2 (r ϭ 0.693, P Ͻ 0.01) occurred from the time when 1C cells appeared in the culture until the end of the experiment.
The fact that we identified young round spermatids after 3 weeks of culture could indicate that the whole meiotic process has occurred, under the present in vitro conditions, since the duration of some steps of the meiotic process seems to be rather similar in vitro and in vivo [6, 14, 15] . In an attempt to clarify this point, preleptotene spermatocytes were labeled with BrdU in vivo as described under Materials and Methods. So, 19-day-old rats were injected with BrdU; they were killed 1 day later and their seminiferous tubules were seeded. As expected [5, 16] , the most advanced BrdUlabeled cells put into culture were leptotene spermatocytes ( Fig. 9A and Table 1 ). Then, we monitored the differentiation of these BrdU-labeled cells throughout the culture period. BrdU-labeled small pachytene spermatocytes were observed after 1 week of culture whereas after 2 weeks, middle to late pachytene spermatocytes were labeled (Figs. 9B and 9C). After 3 weeks of culture, pictures of diakinesis (Fig. 9D ) and secondary spermatocytes (Fig. 9E) were BrdU-labeled. Finally, quadruplets of BrdU-labeled round spermatids were observed from Day 21 of culture onward. These spermatids tended to separate from each other during the last days of culture (Figs. 9F and 9G) .
In order to confirm the differentiation of BrdU-labeled leptotene spermatocytes into round spermatids, under the present culture conditions, tubular segments from testes of 28-day-old rats, injected with BrdU on Day 27 (Table 2) , were cultured for 25 days. Then the cells were sorted according to their ploidy and the presence of BrdU in their nuclei was assessed by immunocytochemistry (see Materials and Methods). Three populations of cells corresponding to 4C, 2C, and 1C cells were observed (Fig. 10A ). More importantly, it is clear in Fig. 10B that both BrdU-labeled and BrdU- unlabeled cells composed the 1C cell population; the proportion of BrdU-labeled cells was 53%.
DISCUSSION
Performing the meiotic phase of mammalian spermatogenesis in vitro has been shown to be a difficult challenge [see 2, for review]. More recently, several groups using either mid-pachytene spermatocytes cocultured with Sertoli cells [9, 17] or immortalized testicular cells [18] reported the occurrence of at least a part of meiosis under in vitro conditions. However, transformed cells appear to loose their postmeiotic potentiality over time [19] . To our knowledge, the culture system, used in the present paper, is the first one which allows mammalian untransformed spermatogenic cells to undergo the whole meiotic process in The ultrastructural studies reported here have enabled a better understanding of the architectural structure in which the germinal cells undergo meiotic differentiation in this culture system. Indeed, it appears that the overall organization of the cells in the insert recalls that of the seminiferous epithelium of prepubertal rats. In addition, a more detailed cytological analysis of some types of germ cells has shown wellpreserved morphological characteristics of many of these germ cells, even after 3 weeks of culture. The observation of a flagellum in some young round spermatids is not unexpected since it has been shown that such a structure can be observed already in spermatids of stage 2 [20] . The identification of young round spermatids 21 days after seeding the pieces of seminiferous tubules strongly suggests that these spermatids have been formed very recently in culture. Moreover, since it has been reported that the duration of the second half of the meiotic process (from pachytenes from stages IV-VI to round spermatids) is rather similar in vitro and in vivo [6, 14, 15] , these round spermatids could originate from germinal cells which would have undergone the whole meiotic process in vitro (see below).
Very importantly, these spermatids formed in vitro were able to transcribe postmeiotic-specific genes [13] . Moreover, it must be noted that the levels of the mRNA encoding for TP1 or TP2 increased until the end of the culture even if the number of 1C cells in the culture remained constant or even decreased. This can be easily explained by the fact that the transcription of TP1 and TP2 increases when round spermatids mature [13] and that the very early steps of spermiogenesis can occur in vitro. However, it seems unlikely that the increase in TP1 and TP2 mRNA levels can be explained solely by the differentiation of a small number of young spermatids that express these mRNA, at a high level. We have shown previously [13] that TP1 and TP2 mRNA levels increase greatly only from steps 6 or 7 of spermiogenesis and under our culture conditions, round spermatids beyond stages III-IV were never observed (unpublished results).
The proof that the whole meiotic step was executed under the present culture conditions was brought by the BrdU-labeling experiments. BrdU was injected into 19-or 27-day-old rats under such conditions that BrdU uptake does not prevent meiosis to occur in vivo [21, and unpublished results] . Then, the differentiation of BrdUlabeled spermatocytes was monitored to the appearance of BrdU-labeled round spermatids after 3 weeks of culture. The identification of BrdU-labeled round spermatids was performed not only by cytological criteria but also after sorting these cells on their haploid DNA content. For these latter experiments, testes from 28-day-old rats were used instead of testes from 20-to 22-day-old rats since the yield of the meiotic step in vivo is about 10-fold higher in these older animals [22] . It could be argued that these cells did not originate from BrdU leptotene spermatocytes put into culture but that their labeling would reflect "unscheduled" DNA synthesis and/or uptake of BrdU release in vitro by damaged germ cells. This is unlikely for at least three reasons: (i) many authors have shown that after injection of [ 3 H]thymidine or BrdU (even at 100 mg/kg whereas we used 50 mg/kg) to rats or mice, labeling occurs exclusively in spermatogonia and preleptotene spermatocytes and that labeling with BrdU and [ 3 H]thymidine correlate well [5, 21, 23, 24] ; (ii) no BrdU-labeled spermatid was ever observed before 3 weeks of culture despite the presence of 1C cells in the culture from the end of the first week; (iii) we never observed BrdU-labeled spermatids when BrdU was added in vitro between days 14 and 15 or 20 and 21 of culture at either 1 or 10 M (unpublished results). Taken together these results indicate that the BrdU-labeled round spermatids observed differentiated at least from the BrdU-labeled leptotene spermatocytes put into culture. Moreover, since the proportion of BrdU-labeled spermatids formed in vitro from tubule segments of 28-day-old rats was 53%, it seems reasonable to speculate that these spermatids originated mostly from spermatocytes of stages IX-X or even VII (see Table 2 ). In addition, these results reinforce the view [6, 14, 15] that the duration of the whole meiotic process is rather similar in vivo and in vitro. However, more precise kinetics studies are now required to establish this important point.
Palombi et al. [25] and Tres and Kierszenbaum [26] reported cytological studies of culture of fragments of seminiferous epithelium, prepared from 3-week-old rats, showing well-preserved morphological characteristics of many germ cells in contact with Sertoli cells after culture periods up to 9 days. However, in their systems, no haploid cells were formed. The use of bicameral chambers in the present work is most probably an important parameter explaining at least partly, the difference between our results and those of others [25] [26] [27] [28] . Indeed, under our conditions, Sertoli cells maintained morphological features of healthy polarized Sertoli cells throughout the culture period. They conditioned the medium, in which germ cells differentiated, in terms of transferrin (Fig. 4) but also, possibly, for important germ cell differentiating factors. It must be noted also that we observed repeatedly that the size of the tubule segments, as well as their degree of digestion, is very critical for the success of these experiments.
The proportion of round spermatids formed in vitro was rather small when compared to that observed in vivo in 40-to 45-day-old rats (4-to 6-fold less) [22] . However, it was close to that observed in 30-to 35-day-old rats. Since it is well-known that there is an increase in the germ cell conversion ratios during the pubertal period in the rat [22] , it appears that under our culture conditions this increase could not be maintained beyond 2 weeks of culture. The reasons for this discrepancy remain unknown. Nevertheless, the morphological characteristics of the round spermatids formed in vivo were very similar to those which differentiated in vivo for both mononucleated spermatids and multinucleated giant cells. However, it has been shown previously [29] that the formation of large numbers of multinucleated spermatids is a feature unique to pubertal spermatogenesis since they are seen in testes of 32-day-old rats but not in those of 44-day-old rats. Hence the presence of multinucleated cells after 3 weeks of culture of seminiferous tubules from 20-day-old rats would indicate that the pubertal "maturation" of the spermatogenic process does not occur in our culture as it does in vivo. Taken together, our results indicate that under the present culture conditions, several features of the meiotic step of spermatogenesis can be reproduced in vitro in a way similar to that occurring in vivo. However, they show also that some differences do exist. Therefore, use of this system can be beneficial for a better understanding of the local factors which regulate meiosis in the testis. Indeed, it offers the possibility of testing directly the role of any given factor on this step, either by adding it to the culture medium or by preventing its expression or action by appropriate methods.
